Tectonic migration, a widespread geographic phenomenon prevailing in China basins, refers to that tectonic movement, sedimentation, magmatism and other geological process in basin have regularly migrated towards a particular direction in a certain geological evolution period, which are triggered by tectonization such as tectonic plate motion, mantle uplift and so on. Statistics obtained from elements of faults and materials on sedimentary and volcanic in Qikou sag are analyzed to study the movement and characteristics of tectonic migration. It is shown in the research that in Cenozoic fault activity, sedimentation and magmatism of the sag presented the characteristics of regular migration from the southwest to northeast. Besides, the faults strikes, controlling sedimentary fault strike and controlling magmatic activity structural trend changed from northeast in Sha-3 period to nearly east-west in Sha-1 period. And this phenomenon of migration is also common in other sags of Bohai basin. The regional geological background and thermodynamic characteristics of Qikou sag together demonstrate that this tectonic migration may be the performance of the deep mantle material activities on the superficial layer in Bohai basin as a result of both mantle motion and plate movement. In Qikou sag the tectonic migration has important influences on hydrocarbon accumulation.
INTRODUCTION
In geological evolution China's mainland is characteristics of strong mobility and complex regional tectonic dynamical environment, which always result in tectonic migration (Chen et al., 1992) . Researches on tectonic migration have undergone a long history. As early as 1873, J. Dana had already proposed an initial theory of tectonic migration which explained that geosynclines are becoming younger further from gas reserve being 741 × 108 m 3 up to the end of 2010. The sedimentary sequences of Qikou sag can be divided into the Paleogene and Neogene-Quaternary structural layers, From bottom to top, strata are as follows: Shahejie formation and Dongying formation as paleogene strata, Guantao formation and Minghuazhen formation as neogene strata. Among the four formation, the first one can be divided into 4 members: sha-4 member, sha-3 member, sha-2 member and sha-1 member. Regularity and significance of the tectonic migration based on the analysis of structural, sedimentary and magmatism characteristics in Qikou sag are studied as follows.
TECTONIC MIGRATION CHARACTERISTICS OF QIKOU SAG
The performance of tectonic migration in sags is various in different aspects, which include geological structure, sedimentary evolution, geophysics, geochemistry etc. (Jiang, 1992) . The performance is a comprehensive and dynamics evolution, which in Qikou sag is shown in three aspects: fault activity, sedimentary and magmatism, as will be illustrated respectively in the following.
Fault activity

Research methods
Cenozoic tectonism of Qikou sag is complex and changeable, with faults intricately interweaving (Wang, 2003) . This seemingly chaotic fault system is described in a quantitative way in order to search for its regularity. Therefore, statistical analyses on fault density and fault length of the various structural layers in Qikou sag, which are based on fault diagram of each structural layer, are made (In order to exclude the fault activities that don't belong to current period, the faults which form in new tectonism in older layers are deleted according to 3D seismic data). Square grid is applied to cover the whole area, then statistics on the numbers and the total length of faults in each square are drawn from the study, and these distribution values are divided by the area of square to get the values of number and length of faults in each unit area. After using grid interpolation on these data, the contour diagrams of fault density and fault length per unit area of Qikou sag could be obtained, which can reflect fault activities distribution in each phase. In order to compare the distribution and characteristics of tectonic activity center in each phase, the high-value districts in the fault density diagrams are superimposed to one diagram, and the same method is used to the fault length per unit area diagrams (Fig. 2) . The congruent diagrams display visually the distributions of the strong fault activity area and migration regularity.
Research findings
The congruent diagrams show that in Es3 (Sha-3 period) the high value area is located in the south of the Dazhongwang-Qidong tectonic belt (Fig. 2) , in which the highest value area distributes in the southwest section of Beidagang tectonic belt where it is near to Kongdian area, and the area ranged from Koucun-Yangsanmu to Zhangjuhe present the second high value. The study shows that the area around Kongdian salient and Chengning uplift has well-developed faults and has strong deformation, and that the high-value area is large with fault density of 0.3 strips/km 2 and fault length (short for fault length per unit area) value up to 1.2 km/km 2 . In the north area of Dazhongwang-Qidong tectonic belt the high-value area is relatively small, and the values are generally low with fault density of 0.1 strips/km 2 and fault length of 0.6 km/km 2 , which means the tectonic activity is weak and the fault is not developed. Generally, in Es3 the fault activities are stronger in south than that in north in Qikou sag.
In Es1 (Sha-1 period), fault activities concentrated around Beidagang salient belt and the central area of sag (Fig. 2) , where the fault activity in Shenqingzhuang area and Baishuitou area is stronger than that in other areas, with fault density ranging from 0.15 to 0.55 strips/km 2 and fault length ranging from 0.8 to 1.8 km/km 2 ; the area near several uplifts in the south still shows strong fault activity, with 0.15-0.3 strips/km 2 fault density and 0.6-1.2 km/km 2 fault length, which is a little weaker than that in the center of the sag; in the north of the sag the fault activity is the weakest, only Beitang area shows relatively strong fault activity with 0.1-0.2 strips/km 2 fault density and 0.4 -0.8 km/km 2 fault length. On the whole, in Es1 fault activity is stronger in center and south than that in north, and stronger in center than in south.
In Dongying period (Ed), fault activity in Baishuitou area and Binhai No. 1 tectonic belt in the center of the sag is the most intensive (Fig. 2) . Fault density is 0.25-0.45 strips/km 2 and fault length is 1.1-1.9 km/km 2 ; the fault activity in south and north is relatively weak. In the area northeast to Kongdian salient, there is no significant fault activity. Koucun area and southwest side of Beidagang salient show weaker fault activity than before, the fault density and length are respectively 0.15-0.3 strips/km 2 and 0.7-0.9 km/km 2 . Besides, Banqiao-Qikou as the north-south trend boundary, fault activity in the east is significantly stronger than that in the west, high-value zone of fault activity gradually migrate to the sea area of the sag. period, the characteristics of fault activity in Dongying period manifest that fault activity is more intensive in the center and weaker in the south. Bounded by Banqiao-Qikou north-south trend parallel, fault activity is stronger in the east than that in the west. In Minghuazhen period (Nm), fault activity in the center is intensive with a larger scale (Fig. 2) . Bounded by Banqiao-Qikou north-south trend parallel, fault activity in the east is much stronger than that in the west.
Through the above study based on statistical analysis on fault density and fault length of Cenozoic structural layers in Qikou sag, the conclusion can be drawn that from Es3 to Ng-Nm, intense zone of fault activity presents the characteristics of migration from southwest to northeast in Qikou sag. The intense zones distribute in south of the sag in Es3, center and south in Es1, center in Ed, and center and north in Nm. Around Banqiao-Qikou north-south trend parallel, fault activity becomes stronger in east than that in west since Ed.
Change of fault throws of main faults
Statistical analysis on fault throws of main faults in the sag (Fig. 3) is made in the study, and the characteristics are illustrated as follows. Binhai fault, 60 km length and located in the southeast of Beidagang tectonic belt (Fig. 3) , striking northeast and dipping to southeast, is an important second-grade normal fault in the sag; its fault throws are up to over 1000 m and change in different sections and different periods. Fault throws in southwest section of Binhai fault in Es3, Es1 and Ed are respectively 620 m, 210 m and 79 m, while fault throws in northeast section in Es3, Es1 and Ed are respectively 412 m, 720 m and 145 m, which present that from Es3 to Ed the fault activity of Binhai fault intensifies from southwest to northeast.
Zhangbei fault which shapes an anti-L bend in south section of the fault, striking northeast and dipping to northwest with steep dip angle, and extends for about 18 km (Fig. 3) . The major growth periods are Es3 and Es1. In south section the fault throws in Es3, Es1 and Ed are respectively 400 m, 234 m and 31 m, while in north section the fault throws in Es3, Es1 and Ed are respectively 200 m, 406 m and 117 m. It is obvious that the fault throws in Es3 decrease from south to north, while in Es1 increase from south to north.
Dazhangtuo fault is developed in the north of Beidagang tectonic belt with a length of 23 km (Fig. 3) , striking northeast and northwest-dipping. In southwest section the fault throws in Es3, Es1 and Ed are respectively 642 m, 205 m and 235 m, while in northeast section 565 m, 536 m and 81 m.
Banqiao fault is 13 km long, nearly east-west strikes and north-dipping (Fig. 3) . It developes from Es1 and the fault throws are low. In west section the fault throws in Es1 and Ed are respectively 116 m and 79 m, while in east section 29 m and 244 m.
From the above analyses, it is clear that fault throws of Es1 and Ed are increasing from southwest to northeast compared with the decreasing of Es3, and these changes of faults in Qikou sag indicate that fault activity intensity migrates from southwest to northeast in Cenozoic. Besides, fault strikes in Es3 had once been mostly northeast and changed to nearly east-west since Es1.
In summary, from Es3 to Nm, intensive zone of fault activity in the sag has migrated from south and west to north and east, and fault strikes have changed from northeast to nearly east-west. Fault strikes are mostly northeast in the center of the sag and nearly east-west in the area near south salient (Kongdian salient, Chengning uplift), area around the Haihe fault and the sea area.
Sedimentary
The process of Cenozoic tectonic evolution in Qikou sag can be divided into 4 stages: rifting episode I (Es3), tectonically quiescent stage (Es2), rifting episode II (Es1-Ed) and post-rifting stage (Ng-Nm).
Entering extensional rifting episode I (Fig. 4) , in Es3 Qikou sag deposits fast at the speed of 600 mm/yr, and the distribution of the deposition is much larger than the distribution of the current residual strata. The west of the distribution spreads to Baitangkou sag located in the present Cangxian uplift, the east to Shanan sub-sag, the north to Ninghe fault, and the south to Kongdian salient. The depocenter is in the major-sag with a thickness of 4000 m, and there is rarely obvious septation salient in the sag. In both south and west of the sag, there are thick deposition. The deposit thickness is up to 2000 m in Banqiao sub-sag, 1000 m in Qinan sub-sag, and 2600 m in Qibei sub-sag. Deposition in Es3 is influenced by faults, which decide that the thickness contour is northeast trend.
In Es2, the whole Qikou sag uplifts relatively, yet the deposition rate decreases to 80 mm/yr. Deposit thickness becomes thinner, and the thickest part is 800 m in majorsag (Fig. 4) . Also, the distribution of deposition decreases, and Beitang sub-sag doesn't deposit in Es2. The deposition tendency is controlled by northeast and eastwest trending faults.
Qikou sag entered a new rifting stage in Es1, depositing at a speed up to 440 mm/yr. What is different from Es3 is that in Es1 there are multiple independent depocentersubsidence center and the deposition thickness of south and west becomes thinner (Fig. 4) , up to 1400 m in south of Banqiao sub-sag, and the greatest thickness in Qibei sub-sag and Qinan sub-sag is only 1200 m. However, thickness of depostion in the center and east of the sag increases, and the greatest thickness in major-sag is over 5000 m. The fault activity in Es1 is strong. In the area east to the coastline, there are many nearly east-west strike faults which have an impact on the deposition, such as Qidong fault, Qizhong fault and so on.
Dongying formation and Shahejie formation are in conformable contact within the sag. In Ed the sag continuously subsides and deposits at a rate of 100 mm/yr. Sub-sags are interlinked with major-sag (Fig. 4) , and from the former to the latter the thickness generally increases. Both depocenter and subsidence center concentrate in major-sag (sea area of sag), with a thickness up to 1500 m. Sedimentation is mainly controlled by nearly east-west strike faults, while the long axes of deposition are almost east-west trending, such as Qikou major-sag, Beitang sub-sag and so on. In the end of Ed, Qikou sag uplifts regionally and suffers denudation, so the Dongying formation is regionally in unconformable contact with Neogene strata.
In Ng-Nm, northwest-southeast extension ceased, and Qikou sag began to enter post-rifting stage (heat attenuation subsidence stage). Distribution of the deposition becomes wide, covering the entire sag; fault activity is weak; variation of deposition thickness in the whole region is small and synsedimentary faults become less and less.
The type of transitions between Qibei sub-sag and major-sag, and Qinan sub-sag and major-sag are slope transitions (Fig. 1, Fig. 4) , which fail to show clearly the characteristics of depocenter migration, so Banqiao sub-sag is choosen as a subject to analyze sedimentary migration (Fig. 5, Fig. 6 ). The Cenozoic strata system is completely developed in Banqiao sub-sag. From the Paleogene isopach map of Banqiao sub-sag (Fig. 5) , it is observed that: 1) in Es3, the depocenter is in the center of sub-sag with 2000-2200 m thickness, and there also are thick deposits in the southwest of sub-sag with 1800-2000 m thickness; 2) in Es2, both subsidence and sedimentary become slow, the whole sub-sag deposits with a thickness ranging from 100 to 600 m; 3) in Es1, rifting subsidence increased again, the depocenter moved to northeast of the sub-sag with 1800-1900 m thickness, the deposition in center and southwest decreased, but still with a thickness respectively ranging from 1700 to 1800 m and from 1400 to 1500 m thickness; 4) in Ed, the depocenter is still in northeast with 1100-1200 m thickness, and from southwest to depocenter the deposition increases as a slope sedimentary; comparing the isopach map of each period in Paleogene in Banqiao sub-sag, it is shown that the depocenter migrates from southwest to northeast. The study selects a northeast trending seismic profile which cuts the whole Banqiao sub-sag to do further research. It is shown that: 1) the thickest strata of the early (Es33) and the end (Es31) of Es3 are respectively 1385 m (point A in Figure 6 ) and 1105 m (point B in Fig. 6 ), and in this period the accumulation center is located in the southwest of the sub-sag; 2) the greatest thickness of the strata in the early (Es1x) and the end (Es1s) of Es1 are respectively 1050 m (point C in Fig. 6 ) and 1100 m (point D in Fig. 6 ), while the accumulation center migrates torwards northeast; 3) in Ed, the greatest thickness of the strata is 880 m (point E in Fig. 6) , and the accumulation center migrates to northeast of the sub-sag; 4) in Neogene the sub-sag changes to subsidence sedimentary, the stratigraphic thickness is increasing gradually from southwest to northeast. Above all, it is concluded that Cenozoic depocenter of Banqiao sub-sag is characterized by migration from southwest to northeast.
Overall, Cenozoic deposition of Qikou sag has experienced the changes from multiple subsidence centers to a single center and the greatest strata thickness migrated from southwest to northeast, eventually to the sea area of Qikou sag. However, the migration of sedimentation is associated with the fault activity and thermal action of sag (Liu, 2008) . In response to the shift from northeast in Es3 to nearly east-west of the fault strikes, the sedimentary contour tendency also changes from northeast in Es3 to nearly east-west in Es1.
Magmatism
Cenozoic volcanic rocks are all comprised of basic lavas and pyroclastic rocks in Qikou sag, where magmatic activities happen in Es3, Es1, Ed, Ng and Nm, and can be divided into two magmatic cycles: late Eocene-the early Oligocene (47-39 Ma) and late Oligocene-Pliocene (22-2 Ma). Based on previous researches on magmatism of Qikou sag (Zhou et al., 2000; Zhang et al., 2010) , the study analyzes and summarises the distribution and evolution characteristics of magmatism in each period in Qikou sag (Fig. 7) .
Volcanic rocks of Es3 distribute around Kongdian salient and are encountered by wells in Koucun, Zhangjuhe and Beitang area, which are the intersected area between NNE-trending tectonic belts and northeast-trending faults. In Es1 volcanic rocks mainly , and the greatest drilled thickness in well Gang 3 is over 400 m. The distribution of volcanic rocks and the location of volcanic centers and craters in Ng are consistent with those in Ed, which means they are both the products of sustained activities of the same volcanic centers. Magmatism in Nm had significantly weakened. Only in Koucun and Yangerzhuang area in the south, there are a small number of drillings with drilled thickness of only 42 m. Also, the distribution of vocanic rocks in Nm is closely related to northeast-trending and nearly east-west-trending faults.
In summary, Cenozoic magmatism in the sag shows the characteristics of migration from south to north and from west to east. The trending of the magmatism-controlling structure belts changes gradually from northeast in Es3 to nearly east-west.
DISCUSSION 3.1. Dynamic mechanism of tectonic migration in Qikou sag
Based on the above analysis of the migration characteristics of the fault activity, sedimentation and magmatism, a conclusion can be drawn that the Cenozoic tectonic evolution of Qikou sag displays the characteristics of the migration from southwest to northeast, and this phenomenon is not uncommon in Bohai Basin, such as Jiyang depression, Linqing depression, Xialiaohe depression and so on, all of which show the migration from the margin of depression to the center of depression Chu, 2009; Feng et al., 2010; Hu et al., 2010) . There are many reasons causing this tectonic migration phenomenon, among which four reasons are mentioned by previous scholars: block movement, plate tectonic, mantle movement and rotation movement of the earth (Jiang, C.F., 1992) . The geothermal gradient of Paleogene strata in Huanghua depression is usually in the 3.273-3.566 °C/100 m, an average of 3.384 °C/100 m (Zhang et al., 2005) ; in Qikou sag, the geothermal gradient, as a high temperature zone, is in 3.453-3.548 °C/100 m. Besides, the Moho depth in Qikou sag is about 28-32 km, with asthenosphere showing arch. And the relationship between deep mantle uplift and shallow basin subsidence is like "mirror reflects" (Liu et al., 1984) . In Cenozoic there are always volcanic and deep mantle material activities accompanied, for instance: in Zhangjuhe region, most of volcanics are alkaline basalt, which are proved to be the product of partial melting of asthenosphere by geochemical evidence. Carbon dioxide in the sag also features the characteristics of the deep mantle (Gao, 2004) . Besides, Qikou sag, located in the cross position of the Tethyan tectonic domain and the circum-Pacific tectonic domain (Meng et al., 1993) , is influenced by the subduction of the Pacific Plate in Cenozoic, and the tectonic evolution is controlled by regional plate tectonics. It is considered that, as the response of the Pacific plate subduction in basin, this tectonic migration is the shallow performance of the deep mantle material activities in Bohai Basin and the product of plate motion and mantle movement.
Influence of tectonic migration on hydrocarbon accumulation
The tectonic migration is closely contacted with petroleum geology in Qikou sag, especially sedimentary migration, which restricts the distribution of sourcereservoir-cap rocks of oil-gas, and in particular has a significant impact on the distribution of hydrocarbon source rock. The major hydrocarbon source rocks of Qikou sag are in Sha-3 member and Sha-1 member; in Sha-3 period the distribution of sedimentary is much larger than the range of current residual Sha-3 member, and deposition in southwest of the sag is thick, so there are oil and gas reservoirs which are formed by hydrocarbon from Sha-3 member in Shenqingzhuang and Kongdian region. Sedimentary migrates to northeast in Sha-1 period, and the oil and gas reservoirs which take Sha-1 member for the hydrocarbon source rocks mainly distribute in the uplifts around the major-sag, such as Baishuitou, Nandagang, Tanggu and Chengning region. Fault strength migration also has essential controlling effects on hydrocarbon accumulation (Liu, 2009) . Most large faults in Qikou sag are contemporaneous faults, which control the distribution of hydrocarbon source rocks; multiple activities of faults can modify rocks to good reservoirs by increasing more secondary pores; besides, faults control the main migration pathways of hydrocarbon and promote the formation of favorable structural-lithologic reservoirs; magmatic activities provide a thermal background, which can effectively facilitate the hydrocarbon source rocks hydrocarbongenerating and hydrocarbon-expelling. It is found from the reservoir distribution of Qikou sag that most of oil and gas reservoirs are developed in or near the regions where both fault and magmatism are active, such as Chengning, Baishuitou, Tanggu and Shenqingzhuang region. Therefore, based on tectonic migration and combining other petroleum geological conditions, hydrocarbon exploration will be more scientific and rational and its prospect will be more promising.
CONCLUSIONS
Through the study of statistics on elements of faults in Qikou sag and the analysis of the sedimentary and volcanic data, it is considered that there exists significant tectonic migration in Qikou sag, the characteristics of which displays mainly in fault activity, sedimentary and magmatism: (1) Intensive zone of fault activity located in the south of the sag in Es3 gradually migrates towards northeast, and stops in the east of the sag in Ng. Besides, the strikes of main faults change from northeast in Es3 to nearly east-west. (2) Statistics on the Cenozoic stratigraphic thickness of sag show that the Cenozoic deposition-subsidence center migrates from southwest to northeast to the sea area of the sag. The strikes of sedimentary-controlling faults synchronously changes from northeast to nearly east-west. (3) Cenozoic magmatism migrates from southwest to northeast and the trend of volcanic activity-controlling tectonic belt changes gradually from northeast in Es3 to nearly east-west. It can be inferred that the tectonic migration is controlled by mantle movement and plate motion and play an important role in hydrocarbon accumulation.
